INTRODUCTION
Since the mid-1970s, the Canadian Wildlife Service (CWS) and the U.S. Fish and Wildlife Service (USFWS) have collaborated to census nesting colonial waterbirds on the Great Lakes at approximately 10-year intervals, reflecting four decadal surveys: the 1970s, 1980s, 1990s, and 2000s . Among the 15 species of colonial waterbirds that regularly breed on the Great Lakes, gulls, terns, cormorants, and pelicans have all been the subject of reasonably in-depth analyses of distributions and population trends over the duration of these efforts (e.g., Blokpoel 1977 , Scharf and Shugart 1998 , Weseloh et al. 2002 , Morris et al. 2003 ). Species receiving minimal treatment to date are the herons and egrets (Blokpoel and Tessier 1998, Scharf and Shugart 1998) .
One objective of the decadal surveys is to provide a complete assessment of the number of nesting pairs of the three main METHODS Data collection protocols for the decadal Great Lakes Colonial Waterbird Censuses, 1977 Censuses, -2009 , are detailed by Scharf et al. (1979) , Blokpoel et al. (1980) , Blokpoel and Tessier (1998) , Weseloh et al. (1986 Weseloh et al. ( , 2002 , and Morris et al. (2003 Morris et al. ( , 2010 Morris et al. ( , 2011 . Here we briefly describe them as they pertain to the census of night-herons, herons, and egrets with focus on four discrete periods : 1977-1980 (first census); 1989-1991 (second census); 1999-2001 (third census) ; and 2007-2009 (fourth census) . Throughout we apply the term "colony" to represent a nesting area used by one or more pairs of individuals (Buckley and Buckley 1980 , Blokpoel and Tessier 1998 , Morris et al. 2003 . We use the term "census" to identify a complete count of species and nests at colonies (Buckley and Buckley 1976, in Kushlan 1986) , and the term "survey" as the effort to locate active colonies (see also Morris et al. 2003 Morris et al. , 2011 . During each census, nests were assigned to species on the basis of adults seen flushing from or flying in proximity to nests, identifiable eggs or chicks present in nests, or by qualities of the nest structure.
Canadian data collection protocol
In preparation for the first census (1977) (1978) (1979) (1980) , locations of known heron and egret colonies were obtained from local wildlife agencies, conservation authorities, museums, naturalist groups, and the public. During the third and fourth censuses, information from the Ontario breeding bird atlases was used to identify potential nesting colonies (Cadman et al. 2007) . These surveys were conducted as part of a broader program to census colonial waterbirds on the Great Lakes. Therefore, most islands were also surveyed for gulls, terns, and cormorants; during those censuses, habitats on islands were surveyed for the presence of night-herons, herons, and egrets (Weseloh et al. 1986 , Morris et al. 2003 . In subsequent censuses, known colony sites were revisited; however, all islands, including those where no nesting was determined previously, were searched for the presence of new colonies.
Nearly all Canadian colonies of herons and egrets were located on islands and were visited by boat; a few colonies, accessible by automobile or foot, were located on the mainland. In the first census, heron nests in Lake Superior were counted from the air, from boats, and through on-the-ground surveys. For all other censuses, each nest tree was located and the number of nests of each species was recorded in colonies with relatively small numbers of nesting herons/egrets or in colonies located in small nesting areas or in habitat where all nest trees could be seen easily. On islands with larger numbers of nesting herons/egrets, or where the nesting area was extensive or all nests could not be seen easily, each nest tree was marked with flagging tape and the number of nests tallied. On very large islands, e.g., Middle, East Sister, and Middle Sister islands in western Lake Erie, transect lines were established across the entire island. Transect lines were walked abreast by 6-10 observers until a census was made of the complete island. Each nest tree encountered during a transect census was marked to ensure that it was counted only once; we were highly confident that no nest trees were missed. In a few cases where ground vegetation was very dense, counts or estimates were made from a boat with estimates based on the number of nests observed extrapolated over the known area of the colony. Although all Canadian censuses were coordinated by CWS staff in Ottawa and Burlington, partners from the Ontario Ministry of Natural Resources, Parks Canada, various Conservation Authorities, and universities who participated were trained in using CWS methods.
U.S. data collection protocol
Although the protocol for the first U.S. censuses was developed independent of Canada, the U.S. censuses were still very similar to the Canadian ones, with the exception that aerial techniques were used more extensively for U.S. censuses. In the first U.S. census, the shorelines and islands in the study area were flown with a Cessna 180 on floats, and an investigator counted the number of nesting pairs in small colonies from the air. At larger colonies, the plane landed near the site and 1-2 persons went ashore and conducted the census, either a full census or a partial census with extrapolation (Scharf et al. 1979 ). In the second and subsequent U.S. censuses, the aerial census was complimented by several teams of boat-based surveyors Shugart 1998, Morris et al. 2003) using techniques similar to those used in Canadian censuses. The only exception was on West Sister Island in western Lake Erie, where study plots were established and the number of nesting pairs per plot was extrapolated to the entire site (Shieldcastle and Martin 1997) . In the fourth census, estimates of nesting pairs were obtained during ground counts and by counting nests from aerial photographs (described in Cuthbert and Wires 2013) . All cooperators were provided with written protocols for censusing each species (Cuthbert and Wires 2013) .
In the first census, the U.S. portion of the St. Lawrence River was not included in the study area. However, it was included in the three subsequent censuses.
Nest identification
During all censuses, only Apparently Occupied Nests (Ewins et al. 1995) were recorded. These were nests that were either empty but freshly built and/or appeared to be actively maintained, or nests that contained eggs and/or chicks. Nests usually were identified by the presence of an adult, presumed to be the nest owner, or the presence of eggs or chicks at the nest. Night-heron nests were identified by their small, compact size, use of small twigs in nest construction, and usually low placement of the nest in the canopy. Egret nests were smaller than heron nests, not as densely constructed, and usually lower in the canopy than heron nests. Heron nests were identified by their large bulky size and solid appearance, usually at the tops of trees.
Rates of numerical change
Estimates of average colony size were developed using only those colonies active during a census. Because of the missing data from the U.S. portion of the St. Lawrence River in the first census, nest count data were derived from Maxwell et al. (2000) , facilitating estimates of rate of change within this water body across surveys. Statistical comparisons of nest numbers among censuses included all colonies. Countrywide and Great Lakes-wide variation in the total number of nests among censuses was analyzed for each species with generalized linear mixed effect models, which used maximum likelihood via the lmer function in the lme4 package of R 2.12.1 (R Development Core Team 2012). Each model contained nest count as the response variable and census as the fixed effect, which was treated as a continuous variable. Separate analyses were used to estimate population trends across each water body (defined in Table 1 ) and separately within each country. When estimating regional trends, water body was treated as a random effect with country nested within water body. Canadian and U.S. trends were estimated with water body alone treated as the random effect. All models were fit using a Poisson error distribution and log-link function.
A separate analysis was used to evaluate lakewide regional changes in nest numbers among census years. This analysis used a model structure similar to that used in evaluating national differences, except census was treated as a categorical variable. Differences among main effects (census) were analyzed using the general linear hypothesis testing (glht) function of the multcomp package in R (R Development Core Team 2012). This function allows for testing among specified contrasts, which in our case compared the response variables among adjacent censuses.
RESULTS

Great Lakes-wide distribution, nest estimates, and trends
For each species, the number of nests (equivalent to nesting pairs) and colony sites (see Fig. 1 for distribution) recorded in each census are shown separately by country and as combined totals (Tables 1-3 ). The average annual rates of change in nest numbers between the first (1977) and fourth (2008) census were −1% for night-heron, +23% for egret, and −0.27% for heron. Trends for individual species indicated the number of nesting night-herons decreased, egrets increased, and herons remained relatively stable across the 30-year study. 
Black-crowned night-herons
During the first two censuses in 1977 and 1991, the greatest number of night-heron nests within the Great Lakes occurred in Lake Erie. The greatest nest numbers occurred in Lake Ontario during the third census in 1999 and in Lake Huron in the fourth census in 2008 (Table 1) . Throughout the 30-year census, across the Great Lakes, the average colony size for night-herons was 80 ± 245 nests (n = 142 colonies). The average night-heron colony size decreased 75% over this time (Appendices 1 and 2, pooled). Great Lakes-wide reductions in nest numbers were evident between each of the first three censuses (all P < 0.05), with the greatest annual decline during the eight-year period between 1977 and 1991 (1.6% per year; Z = −7.21, df = 1, P < 0.001; Table 1 ). However, between 1999 and 2008, this species experienced a small (1.6%) but not statistically significant (Z = 0.70, df = 1, P = 0.82) increase in Great Lakes-wide nest numbers (Table 1) . The combined nest numbers in the last census decreased by 34% from those in the first census (Table 1 ).
In Canadian waters of the Great Lakes, the average night-heron colony during the 30-year census was 65 ± 157 nests (n = 84 colonies; Appendix 1). On average, colony size decreased 71% during this time. The greatest between-census change in nightheron nest numbers occurred between 1991 and 1999: a 20% increase (Table 1 ). However, because of an increase in the number of colonies from 23 to 34 during this time, the mean number of nests per colony decreased by 19% (Z = −7.87, df = 1, P < 0.001).
There was no significant change in population size or average colony size between 1999 and 2008 (Z = 0.63, df = 1, P = 0.866).
In 1977, Lake Erie had the greatest number of nests, with the single highest nest numbers occurring on Pelee Island (n = 870 nests; Appendix 1). This site was abandoned completely by nightherons by the second survey in 1991 (Appendix 1). By 1991 the number of nests in Lake Ontario exceeded the number in Lake Erie, with the highest nest counts recorded at Tommy Thompson Park, Toronto Harbor (n = 567 nests; Appendix 1).
In U.S. waters, during the entire census, mean night-heron colony size was 97 ± 319 nests (n = 58; Appendix 2), but did not differ significantly from the size in Canadian waters (Z = 0.75, df = 1, P = 0.46; Appendix 2). In the United States, over the 30-year census, numbers of night-heron nests declined significantly, with an estimated 57% loss across all four censuses (Table 1) . This decline was evidenced by a 34% reduction in nest numbers between 1977 and 1991 (Z = −16.83, df = 1, P < 0.001) and 41% between 1991 and 1999 (Z = −17.2, df = 1, P < 0.001; Appendix 1). Despite this downward trend prior to 1999, nest numbers increased 12% between 1999 and 2008 (Z = 3.27, df = 1, P = 0.003; Table 1 ).
The general decrease in estimates for this species among early censuses was most evident between the first (1977) and third (1991) census in Lake Erie, where the population declined 85% in U.S. sites and 92% in Canadian sites ( 
Great egrets
During the first census in 1977, only 245 egret nests were found in the entire Great Lakes and all were in Lake Erie, the Detroit River, and Lake St. Clair. By the fourth census, nesting egrets had expanded to all the Great Lakes, including more than 800 nests in Lakes Huron and Michigan ( Table 2 ). The Great Lakes-wide number of nests increased 571% from 1977 to 1991 (Z = 27.79, df = 1, P < 0.001), decreased 17% from 1991 to 1999 (Z = −4.99, df = 1, P < 0.001), and increased 39% between 1999 and 2008 (Z = 9.34, df = 1, P < 0.001; Table 2 ). Overall, the number of nests (1) 7 (1) 1369 (12) 2008 33 (2) 20 (1) 1009 (7) 0 0 519 (8) 141 (1) 187 (5) 1909 (24) of egrets across the Great Lakes increased by 679% between the first (1977) and fourth (2008) census, a change dominated by the nesting colonies on Lakes Erie and Huron (Table 2) .
In Canadian waters, during the 30-year census, the average colony size for egrets was 28 ± 43 nests (n = 13 colonies; Appendix 3). The number of egret nests at Canadian colonies increased 1381% across the 30-year census (Table 2) . However, the positive trend in egret nest numbers was not consistent among surveys; egret numbers at Canadian locations increased 643% from 1977 to 1991 (Z = 9.75, df = 1, P < 0.001), decreased 40% between 1991 and 1999 (Z = −3.88, df = 1, P < 0.001), and increased 231% between 1999 and 2008 (Z = 8.63, df = 1, P < 0.001), (Table 2) .
During the entire 30-year census, nesting by egrets fluctuated at colonies in Lake Erie but steadily increased in Lake Huron (Table  2 ). In 1977, the largest Canadian colony was on East Sister Island in Lake Erie (Fig. 1 ). Consisting of 10 nests in 1977, this colony increased through 1991 to 141 nests, decreased to 17 nests by 1999, and decreased to 12 nests in 2008 (Appendix 3). With this decline in Lake Erie, nesting shifted to Lake Huron, with the largest colony in 1999 located on Nottawasaga Island (40 nests; Fig. 1 ). The colony at Nottawasaga Island continued to increase and remained the largest colony through 2008 (141 nests; Appendix 3).
In U.S. waters, egret colonies averaged 148 ± 261 nests (n = 21 colonies; Appendix 4). Because of the huge range in colony size, governed by the large size of the colony on West Sister Island (Appendix 4), U.S. colonies were not significantly different in size from Canadian colonies (Z = 0.81, df = 1, P = 0.42). Across the 30-year census the number of egrets nesting in U.S. waters increased 613% (Table 2) . Among the U.S. colonies, egret nest numbers followed trends similar to those in Canadian waters, with a 564% increase between 1977 and 1991 (Z = 26.41, df = 1, P < 0.001), a 14% decrease between 1991 and 1999 (Z = −4.03, df = 1, P < 0.001), and a 25% increase between 1999 and 2008 (Z = 6.01, df = 1, P < 0.001). The decrease in U.S. colony size between 1991 and 1999 was less than that observed at Canadian sites (−14% at U.S. sites compared with −40% at Canadian sites; Table  2 ) during the same period.
Throughout the census, the largest egret colony in U.S. waters was located on West Sister Island in Lake Erie (Fig. 1 ). The number of nests at this location increased from 200 nests in 1977 to 1040 nests in 1991. In 1999, the number of nests in this colony decreased to 840 nests, with a subsequent decrease to 760 nests in 2008. The decline in nest numbers in Lake Erie colonies after 1991 tracked a northward shift toward colonies in Lake Huron, including a 407% increase in the number of nests within Lake Huron's Georgian Bay (Table 1 and Appendix 4). Egrets were first noted nesting at locations in Lake Michigan during the third census in 1999 and increased more than 26-fold in that water body by 2008 (Table 2) .
Great blue herons
Between 1977 and 1991, the number of heron nests increased 43% throughout the Great Lakes (Z = 21.14, df = 1, P < 0.001). The Great Lakes-wide population then decreased 26% from 1991 to 1999 (Z = −15.94, df = 1, P < 0.001), with an additional 18% decline from 1999 to 2008 (Z = −9.13, df = 1, P < 0.001; Table 3 ). Great Lakes-wide changes during the 30-year census reflect a 14% decline (Table 3 ). The greatest numbers of heron nests were consistently counted at locations in Lake Erie (Table 3) .
In Canadian waters, across all four censuses, the average heron colony was 19 ± 34 nests (n = 116 colonies; Appendix 5). Between 1977 and 1991, the average size of a Canadian colony increased 19% (Z = 3.97, df = 1, P < 0.001), decreased 44% between 1991 and 1999 (Z = −11.59, df = 1, P < 0.001), and then increased 38% (8) 275 (5) 206 (9) NA 0 328 (35) 958 (59) 1991 125 (1) 20 (2) 0 368 (3) 0 0 188 (2) 147 (2) 82 (5) NA 3 (1) 207 (27) 1140 (43) 1999 0 5 (1) 0 69 (3) 0 0 63 (7) 158 (6) 108 (7) NA 0 241 (24) 644 (48) 2008 74 (2) 26 (1) (2) 11 (1) 37 (1) 187 (7) NA NA 149 (9) 99 (3) 199 (5) 3499 (29) 1991 1001 (1) 0 0 2546 (5) 0 0 464 (7) NA NA 459 (14) 277 (7) 478 (20) 5225 (54) 1999 793 (1) 0 40 (1) 2122 (4) 0 0 347 (10) NA NA 324 (9) 188 (9) 225 (14) 4039 (48) 2008 35 (2) 0 61 (1) 2078 (6) 194 (1) 0 131 (5) NA NA 204 (8) 113 (8) 136 (4) 2952 (35) Combined 1977 279 (1) 0 0 2614 (4) 11 (1) 37 (1) 260 (15) 275 (5) 206 (9) 149 (9) 99 (3) 527 (38) 4457 (88) 1991 1126 (2) 20 (2) 0 2914 (8) 0 0 652 (9) 147 (2) 82 (5) 459 (14) 280 (8) 685 (47) 6365 (97) 1999 793 (1) 5 (1) 40 (1) 2191 (7) 0 0 410 (17) 158 (6) 108 (7) 324 (9) 188 (9) 466 (38) 4683 (96) 2008 109 (4) 26 (1) 61 (1) 2404 (9) 194 (1) 0 225 (14) 116 (8) 43 (6) 204 (8) 114 (9) 343 (17) 3839 (78) † Data obtained from Maxwell et al. 2000 between 1999 and 2008 (Z = 6.18, df = 1, P < 0.001). The largest colonies of herons in Canadian waters shifted between lakes Erie and Huron during the 30-year census. During 1977, the greatest number of nests (n = 97) was found at the Collingwood Mainland site in Lake Huron (Fig. 1, Appendix 5) . In 1991, the largest number of nests was recorded at East Sister Island in Lake Erie (248 nests; Fig. 1 , Appendix 5). By 1999, the East Sister Island colony had decreased 95% to 12 nests, with the largest colony (67 nests) then found on Nottawasaga Island in Lake Huron (Fig. 1 , Appendix 5). During 2008, the Nottawasaga Island colony contained 20 nests (reflecting a 70% decrease since 1991), with the largest colony (304 nests) located on Middle Island in Lake Erie (Fig. 1 ).
In U.S. waters, average heron colony size was 94 ± 249 nests (n = 79 colonies), larger than Canadian counterparts (Z = 63.89, df = 1, P < 0.001; Table 3 , Appendix 6). Numbers of heron nests in U. S. waters increased 49% between 1977 and 1991 (Z = 18.36, df = 1, P < 0.001; Appendix 6) and decreased significantly by 23% between 1991 and 1999 censuses (Z = −12.29, df = 1, P < 0.001) and by 27% between the 1999 and 2008 censuses (Z = −12.95, df = 1, P < 0.001; Appendix 6).
Among U.S. colonies, the number of heron nests was consistently highest on West Sister Island in Lake Erie, yet the number of nests in this colony declined through this 30-year study (Fig. 1 , Appendix 6). The second-largest colony, on Ironsides Island in the St. Lawrence River (Fig. 1) , was established sometime after 1977, when no herons were found nesting at this location, and before 1991, when this colony consisted of 1001 nests. In the years following, the colony on Ironsides Island decreased to 793 nests (Maxwell et al. 2000) . In 2008, no herons were found nesting at this location (L. Harper, unpublished data).
DISCUSSION
In this study, from the first to the fourth censuses, we found that number of nests of night-herons declined 34%, egrets increased 679%, and herons declined 14%. The largest decreases in nest numbers of night-herons and herons occurred in U.S. Lake Erie. Over the same time period, we also found that the number of breeding colonies for night-herons increased 161%, egrets increased 300%, and herons declined by 11%. The greatest loss in the number of breeding colonies of herons occurred in Canadian Lake Superior. Despite divergent population trends between night-herons and egrets, both species exhibited northward range expansions, most evident in Lake Huron's Georgian Bay.
Of the few losses documented in this study, the decline in the number of nests of night-herons is perhaps the most serious. Within the Great Lakes region, the night-heron is considered a species of moderate conservation concern, whereas the egret and heron are considered species not at risk ). There was a net loss of more than 2000 night-heron nests during this study. Virtually all of them can be accounted for by the nearly 3800 nests that were lost from Pelee, East Sister, and West Sister Islands on the Canadian and U.S. sides of Lake Erie and the gain of just over 1800 nests in the St. Lawrence River, Lake Ontario, the Niagara River, and Lake Huron. Although this identifies where the loss appears to have occurred, it does not explain why it occurred. What could have caused the loss of so many nightheron nests from western Lake Erie?
More than 800 night-heron nests were lost from Pelee Island very soon after 1977. This may have resulted from human disturbance (Tremblay and Ellison 1979 , Hockin et al. 1992 , Rodgers and Smith 1995 , Carney and Syndeman 1999 . Pelee Island is accessible from the Canadian and U.S. mainlands by regular ferry service during spring, summer, and autumn, and is a popular bird-Avian Conservation and Ecology 10(1): 7 http://www.ace-eco.org/vol10/iss1/art7/ watching location. The nesting area, at the south end of the island, was accessible by foot traffic and entry was not prohibited. These birds may have moved to Middle Island, 3 km away, because more than 400 night-heron nests were counted there in 1981, and more than 900 in 1983 (Weseloh et al. 1988 ).
Since the first census, land-use and hydrologic changes have occurred across the Great Lakes basin, potentially influencing the distribution of waterbird colonies (Smith et al. 1991 , Herdendorf 1992 , Frieswyk and Zedler 2007 . Small-scale changes in waterbird colonies can be linked to the direct alteration of supporting habitat. For example, anthropogenic development of the Collingwood Mainland heron colony site rendered this site no longer available to herons (D. V. Weseloh, personal observation). Loss of the heron colony on Ironsides Island also paralleled the loss of nest habitat and possible disturbance by raccoons (Procyon lotor; Maxwell et al. 2000; L. Harper, unpublished data) . In 1991, 1001 heron nests were recorded at this site. As the trees that supported these nests slowly died, nests on the island decreased 21% to 793 in 1999. By the census of 2008, no herons were recorded nesting at this location. On West Sister Island, in the Ohio waters of Lake Erie, the loss of some nightheron nests has been attributed to vegetative successional changes, i.e., habitat loss, as the forest on that island matured. The preferred nesting habitat of night-herons, i.e., low canopy and shrubby vegetation, gave way to taller, older trees (Shieldcastle and Martin 1997) .
The third, and perhaps most significant, potential factor is the population growth of cormorants and their usurpation of nightheron nests on Middle, East Sister, Middle Sister, and West Sister islands in western Lake Erie during this study. From 1979 to 2008, the number of cormorant nests on these islands increased from 78 to 13,846 (Weseloh et al. 2002, Wires and Cuthbert 2006; D. V. Weseloh, unpublished data) . It is well known that cormorants can defoliate, influence vegetative structure and diversity, and eventually kill the trees and shrubs in which they nest (Lemmon et al. 1994 , Weseloh et al. 2002 , Hebert et al. 2005 , Boutin et al. 2011 , greatly reducing available habitat for conesting species such as night-herons, egrets, and herons. It is also well known that when cormorants initially colonize an island, they often aggressively attempt to take over nests of tree-nesting heron/egret species (Dorr et al. 2014) . Being the smallest of the three heron species in this study, night-herons probably suffered most to the much larger and aggressive cormorant.
The potential impact of species interactions on bird colonies has received some previous study. Competitive and/or predatory interactions among some colonially nesting species can facilitate changes in reproductive success that can affect population growth and size (Burger 1981 , Skagen et al. 2001 ). Cuthbert et al. (2002) found that increased cormorant populations alone were not directly tied to changes in waterbird abundance throughout the Great Lakes basin. Changes in heron/egret nest numbers as reflected herein tend to support that finding. However, on an individual island basis in Lake Ontario, we noted that the abrupt abandonment of 7 of 20 (35%) night-heron colonies was anecdotally associated with the arrival or increase in the number of nesting cormorants (Appendix 1; Weseloh et al. 2002; D. V. Weseloh, unpublished data) . It was also noted that as cormorants moved into various already established night-heron colonies, the night-herons abandoned the colony site if no other suitable habitat was immediately available. If other habitat was available, the night-herons often moved to that habitat and did not abandon the overall/general breeding island/site, e.g., Tommy Thompson Park, Hamilton Harbor, and Chantry Island (D. V. Weseloh, unpublished data).
Habitat loss and disturbance
Since the first census, land-use and hydrologic changes have occurred across the Great Lakes basin, potentially influencing the distribution of waterbird colonies (Smith et al. 1991 , Herdendorf 1992 , Frieswyk and Zedler 2007 . Small-scale changes in waterbird colonies can be linked to the direct alteration of supporting habitat. For example, anthropogenic development of the Collingwood Mainland heron colony site rendered this site no longer available to herons. Loss of the heron colony on Ironsides Island also paralleled the loss of nesting habitat (Maxwell et al. 2000 ; but see below). In 1991, 1001 heron nests were recorded at this site. As the trees that supported these nests slowly died, nests on this island decreased 21% to 793 in 1999. By the census in 2008, no herons were recorded nesting at this location.
Changes in water quality and precipitation patterns can also affect nesting populations (Keddy and Reznicek 1982, Morrice et al. 2008 ). Access to food supply can limit the size, distribution, and productivity of heron colonies (Gibbs 1991 , Custer et al. 2004 , Tourenq et al. 2004 , Witt 2006 . Declines in the three focal species, as assessed during the 1999 census, may reflect below-average water levels, a trend that continues within the Great Lakes region (Gronewold and Stow 2014) . However, given the similarity in resource use among the three species and the fact that all three exhibited different population trends throughout the 30-year census, hydrological variation is not a likely explanation for these longer term population changes.
Along with nesting habitat change and loss, disturbance can influence feeding and nesting behavior of some waterbird species (Tremblay and Ellison 1979 , Rodgers and Smith 1995 , Carney and Syndeman 1999 . Frequent disturbance near colonies can result in reduced reproductive success and colony abandonment (Hockin et al. 1992) . For example, nest predators such as raccoons were reported at Ironsides Island when heron nests declined at that site (L. Harper, personal communication). Human or natural disturbance can also influence competitive and/or predatory interactions among some colonial-nesting species, which can facilitate changes in reproductive success within affected colonies (Skagen et al. 2001 ).
Interspecific competition for suitable nest sites can influence the reproductive success of colony-nesting waterbird species (reviewed by Burger 1981) . Populations of cormorants have increased throughout much of the Great Lakes region (Weseloh et al. 2002, Wires and Cuthbert 2006) , and aggressive interactions with cormorants have fostered the assumption that cormorants may directly influence the breeding success of co-occurring species (Skagen et al. 2001 , Cuthbert et al. 2002 Cuthbert et al. (2002) found that increased cormorant populations alone were not directly tied to changes in waterbird abundance throughout the Great Lakes basin. Changes in heron/ egret nest numbers as reflected herein tend to support Cuthbert et al. (2002) . Specifically, the greatest increase in cormorant abundance within the Canadian Great Lakes and adjacent U.S. waters occurred during -1990 (Weseloh et al. 2002 , when the abundance of egrets and herons also increased within the Great Lakes basin. Although the abundance of night-herons declined during this same time, the greatest decrease in night-heron abundance occurred between 1991 and 1999, a period of lesser change in the cormorant population.
Cormorants can influence the diversity and structure of vegetation within nest colonies (Hebert et al. 2005 , Boutin et al. 2011 . Night-herons typically establish nest sites during early stages of plant succession (Hothem et al. 2010) , whereas herons and egrets are considered to be less selective (McCrimmon et al. 2011 , Vennesland et al. 2011 . Successional habitat change, such as that occurring on West Sister Island in Lake Erie, may have reduced the availability of nesting habitat, resulting in population declines and changes in the distribution of night-heron colonies.
Prior to the first census, habitats of West Sister Island included open grasslands and shrubs, which were maintained through grazing and other practices (Shieldcastle and Martin 1997, USFWS 2000) . By 1991, these shrub habitats, used by nesting night-herons, were replaced by common hackberry (Celtis occidentalis). Concomitant with this habitat change, the number of nesting night-herons declined (Shieldcastle and Martin 1997) . Substantial decline in night-heron nests on West Sister Island already occurred by the time cormorants were first recorded nesting on this island in 1992 (Shieldcastle and Martin 1997) , suggesting that the presence of nesting cormorants was not a factor contributing to loss of night-herons nesting at this colony.
The abundance of night-heron nests within surveyed river systems, especially the St. Lawrence, Niagara, Detroit, and to a lesser extent St Marys, has increased since the first survey in 1977 (Table 1) . Redistribution of this species to these riverine colonies could indicate that with successional habitat change, loss of nest sites, and increases in cormorant numbers at some lake locations, night-herons find increased benefits in nesting at riverine locations. Clearly, more work is needed to fully assess the potential conflicts between cormorants and co-occurring species, especially the three species in this study.
Potential limitations of data
An important point to note regarding this study is that it is focused on a specific area: habitat on islands and within 1 km of Great Lakes shoreline. Therefore, the results cannot be extended to the multiple inlands sites where these species nest in the U.S. and Canada Great Lakes region. Inland trends and distribution are not well known for any of the three species and it is possible that declining trends in the Great Lakes may be offset by inland increases and vice versa. Future studies are needed to document trends and distribution at a regional scale.
Vegetation and physical structures can obscure nests, reducing the accuracy of counts. Although nest structures can be distinctive among species, nests can be occupied by species other than those that initially built them, which can lead to misidentification of nests to occupying species. Night-herons build relatively obscured nests that are neither large nor necessarily easy to see. In some situations, this species may nest on the ground, under fallen logs or in small shrubs (Hothem et al. 2010) . In more northerly areas, such as at locations in Lake Huron, this species often nests in eastern white cedar (Thuja occidentalis), where nests can be difficult to locate (D. V Weseloh, personal observation). Subsequently, some nests or entire colonies may have been overlooked. With these limitations considered, we advocate the approach of Morris et al. (2003) in referring to these data as a valid index of the number of breeding pairs of each species, while also stressing they represent a conservative minimum estimate of the size of the actual Great Lakes breeding population.
Management actions
To date, few management actions have been directed at populations of the three heron species in this study. Monitoring the entire Great Lakes population every 10 years allows us to track numbers and trends, and is an important lakes-wide action. Little action is needed for herons and egrets because they are considered not at risk . Night-herons, however, are a species of special concern in some areas of the Great Lakes ), yet have mostly received only local attention. This local attention has included (1) dedicated vegetative plants on specific islands for night-herons (Quinn et al. 1996 , Somers et al. 2007 );
(2) removal of trees to promote early successional growth favoring night-heron nesting (Shieldcastle and Martin 1997) ; (3) removal of cormorant nests from previous night-heron nesting areas in hopes of enticing the latter back to nest (D. Tyerman, personal communication); and (4) egg oiling and lethal control of cormorants to entice night-herons back to former nesting sites (T. Dobby unpublished data, I. Mazzocchi unpublished data). However, in many other areas nothing is being done. On six islands in northeastern Lake Ontario near Kingston, Ontario, where night-herons nested between 1977 and 2008 and subsequently abandoned their islands when cormorants started nesting on them, nothing has been done to promote their return to these traditional nesting islands. At many islands in the Great Lakes, "managing for night-herons" is the rationale used to justify lethal control of cormorants; time and continued population monitoring will tell if such actions have benefited the nightherons. Because the question of possible impacts of cormorants on nesting night-herons has not been fully resolved, we recommend an adaptive management type study to examine the cormorant-night-heron relationship at small nesting areas/ islands with no or limited alternative habitat versus large nesting areas with much alternative night-heron habitat. Stronger efforts to prevent/reduce human disturbance at night-heron colonies during the nesting season should also be made.
CONCLUSION
Within the Great Lakes region, the night-heron is considered a species of moderate conservation concern, whereas egret and heron are considered species not at risk . At the regional scale, no evidence through the third decadal census indicated that cormorants were negatively affecting heron populations within the Great Lakes (Cuthbert et al. 2002) ; however, this conclusion remains contested. Cormorants can greatly affect forest cover (Hebert et al. 2005 (Hebert et al. , 2014 , which may negatively impact other nesting waterbirds. For night-herons, shifts in habitat away from early-successional stages can constrain the availability of quality nesting habitat. Alternatively, forest canopy openings created through the activity of nesting cormorants (Boutin et al. 2011) can help set back successional habitats, providing additional nesting opportunities for nightherons in some colonies. Management activities focused on maintaining or restoring early successional habitat within historical confines could benefit night-herons (Shieldcastle and Martin 1997, USFWS 2000) .
Increased abundance of night-heron and egret nests within northern river and lake systems provides evidence of a recent northward expansion of their breeding range within the Great Lakes Basin. Such northward expansion could portend changes in distribution coinciding with changing climate (Mortsch et al. 2006) . Understanding how climate change will influence heron and egret populations in the Great Lakes region will be best studied through continued monitoring. Planned management activities should continue to endorse collaboration at state, provincial, and federal levels.
Responses to this article can be read online at: http://www.ace-eco.org/issues/responses.php/742 Appendix 5. Great Blue Heron colony sites and number of nests per location in Canadian waters during each of four censuses. Water body codes, presented in order reflecting an east − west gradient, are: SLR (St. Lawrence River), LO (Lake Ontario), LE (Lake Erie), LH (Lake Huron), SMR (St. Marys River) and LS (Lake Superior Appendix 6. Great Blue Heron colony sites and number of nests per location in U.S. waters during each of four censuses. Water body codes, presented in order reflecting an east − west gradient, are: SLR (St. Lawrence River), NR (Niagara River), LE (Lake Erie), DR (Detroit River), LSC (Lake St. Clair), LH (Lake Huron), LM (Lake Michigan), SMR (St. Marys River) and LS (Lake Superior). Blank entries indicate no nests reported at colony site.
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